Introduction
In the realm of nanoscience and nanotechnology, researchers are paying more attention towards developing environmentally friendly and economically viable methodologies for the synthesis of nanomaterials. 365, 366 Most of the passivating agents and some nanomaterials (for example CdSe) themselves are highly toxic in nature and the challenge lies in search of capping agents, which are biocompatible, provide desired aqueous solubility and also reduce the cytotoxicity of the nanoparticles. Furthermore, apart from the traditional research on the synthesis and morphological control of nanoparticles, we are now going through a stage of bottom-up nanofabrication in which nanoparticles spontaneously organize or self-assemble into ordered structures directed by using agents, external fields, or templates. 367 In the recent times, the directed self-assembling of primary nanoparticles into superstructures has attracted tremendous interest, because they can reveal fundamentally interesting collective physical properties with enhanced efficiencies.
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In this pretext, biomolecules such as cyclodextrins (CDs) and its derivatives have been used as a host matrix for the synthesis of various organized assemblies of predominantly metal nanoparticles. 112, 369 CDs, as discussed in Chapter 1, are one of the well-known members of the family of supramolecular assemblies and comprises of glucose units (i.e. six (-CD), seven (-CD), or eight (-CD)) connected by -1, 4 glycosidic linkages to form a series of oligosaccharide rings. One of the most important features exhibited by CDs is the structural microheterogeneity 99 in the sense that the hydrophilic -OH groups occupy both rims of the cone, while inside of the cavity is hydrophobic in character. These features have been reported to be responsible for the stabilization as well as the directed self-assembly of the nanoparticles through the hydrogen-bonding interactions between the exposed secondary -OH groups which eventually facilitate the threading of neighboring CDs. 112, 115 Considering this, we have demonstrated a simple, rapid and one step method mediated by electron beam irradiation technique for the synthesis as well as in situ functionalization of CdSe QDs with -CD. The unique features of -CD over other CDs as well as the advantageous aspects of electron beam mediated synthetic technique have been discussed in Chapter 1. Nevertheless, it was found that the -CD molecules cap the as grown CdSe QDs by forming a non-inclusion complex. Detailed investigations were carried out to identify the forces and the binding sites involved in the complex formation between CD molecules and the QDs. Also, the effect of experimental parameters i.e.
precursor and ligands (-CD) concentration, absorbed dose and dose rate on the morphology and photophysical behavior of CdSe QDs were investigated. X-ray
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245 photoelectron spectroscopy (XPS) and pulse radiolysis studies were carried out to elucidate the role of -CD in influencing the morphology and the formation mechanism of CdSe nanoparticles, respectively. Furthermore, the cytotoxicity effect of CdSe QDs was also monitored keeping in view of the bio-compatibility of -CD.
370

Experimental
High purity chemicals, -CD, cadmium sulfate (CdSO 4 ), selenium (Se) powder, sodium sulfite (Na 2 SO 3 ), were obtained from Sigma-Aldrich and used as received. The reagents,
tert-butanol and ammonia solution were purchased with highest purity available from SDFCL, Mumbai. For preparing the precursor solutions, nanopure water from Millipore water purifying system was used. It is to be noted that equimolar concentrations of Cd and Se precursors were used to prepare the reaction mixture for the synthesis of CdSe nanoparticles. The freshly prepared Na 2 SeSO 3 solution [40] [41] [42] [43] was added to the ammoniated CdSO 4 solution followed by tert-butanol to scavenge the • OH radicals generated during the radiolysis of aqueous solution. The scavenging of • OH radicals would allow only the e aq¯ to react with the precursors, thus inducing the reaction to proceed. -CD was added to the reaction mixture just prior to irradiation. It is to be mentioned here that the concentration of -CD employed in the reaction mixture matters a lot, because it is a well established fact that -CD in water self-assembles even at concentrations as low as 3 mM, whereas no aggregates has been found to present in solution at lower concentrations. 106, 107, 371 On exceeding the concentration of -CD (in water) beyond 3 mM, initially a broad size distribution of clusters is formed, which is followed by the cluster-cluster and clusterparticle interactions. 106, 107, 371 Taking these facts into account, the concentration of -CD
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246 in the present work was kept constant at 2 mM, while the precursor solutions were varied to obtain various molar ratios (i.e. [-CD]:
[QD] = 1:1, 2:1, 1:2) and the same have been described in the following sections to investigate their impact on the morphology and the optical properties of as grown CdSe nanoparticles. It is to be noted that the concentration of the precursors solutions were very low, and no chemical reaction (leading to the formation of CdSe) was observed either in the absence or in the presence of -CD without irradiation.
The aforementioned reaction mixture was irradiated with a 7 MeV electron beam having an FWHM of 2 s from a LINAC (described in Chapter 2) at a repetition rate of 12 pulses per second. However, the dose per pulse (Grey (Gy) per pulse, GPP) was varied from 10-140 Gy to investigate the dose rate effect. Also, the total absorbed dose imparted to the samples was ranged from 1 to 40 kGy to determine the dose effect. On irradiation, the color of the solution turned to greenish-yellow or reddish-orange, depending on the experimental parameters and this was the primary indication for the formation of CdSe nanoparticles. For convenience, the -CD coated CdSe QDs have been written as -CD/CdSe QDs.
Pulse radiolysis experiments were carried out with a 7 MeV LINAC coupled with a kinetic spectrometer. The details of the set up are provided in Chapter 2. The FWHM of the electron pulse in these experiments were kept at 100 ns and absorbed dose was kept at 21 Gy/pulse. The time-resolved absorption spectra for the intermediate species produced
during the radiolysis were obtained. The samples were N 2 bubbled for about 5-10 minutes prior to the irradiation.
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Cytotoxicity studies
Cell Cultures: INT 407, human intestinal epithelial cell line was maintained in Dulbecco's modified Eagle's medium (DMEM) (Himedia, India) supplemented with 10%
fetal bovine serum (FBS), 100 units/ml penicillin and 100 μg/ml streptomycin (Himedia, India). The cells were incubated in 5% CO 2 humidified at 37°C for growth.
The cytotoxicity of -CD/CdSe QDs was carried out in human intestinal cell line, INT 407 cell (derived from human embryonic jejunum and ileum). In brief, cells (6 x 10 3 )
were seeded in a 96 well plate in DMEM supplemented with 10 % fetal bovine serum and antibiotics (100 units/ml penicillin and 100 μg/ml streptomycin) and kept overnight in a CO 2 incubator (5% CO 2 and 95% humidity at 37°C) for attachment. The next day old Various photophysical studies (i.e. UV-Vis, Photoluminescence (PL), FTIR, Raman and PL lifetime) and nanoparticle characterization techniques (TEM, SEM and XRD) employed in this work have been explained in Chapter 2. To further substantiate the binding interaction mechanism between -CD molecules and the QDs, the X-ray photoelectron spectroscopy (XPS) studies were performed using Mg K α (1253.6 eV)
Chapter 7 248 source and a MAC-2 electron analyzer. The XPS-analysis chamber has a base vacuum of 10 −9 mbar. The XPS binding energy scale was calibrated to C-1s line at 284.5 eV.
Results and Discussion
Morphology and structural characterization
On irradiation the color of the solution containing the reaction mixture turned to greenishyellow or reddish-orange depending on the experimental parameters. This was considered as the primary indication for the formation of the CdSe nanoparticles. The HRTEM image (bar scale = 2 nm) have been provided in Fig.7 .1b, wherein the lattice fringes could be clearly seen and the measured interplanar distance (d = 0.186 nm)
Chapter 7 249 closely matches with the standard 'd' value of 0.183 nm for lattice plane (311) of the cubic phase of CdSe. Also, the particle size distribution plot has been shown in the inset of Fig.7 .1b. The average size of the QDs was found to be ~ 2.2 ± 0.3 nm; hence the polydispersity in the size distribution was calculated to be ~ 14 %.
In the absence of -CD, the CdSe nanoparticles agglomerated and formed a complex network with no well defined structure/pattern, as has been reported earlier. 165, 167 While, -CD/CdSe QDs appeared to form an array like network in which small beads are joined together to give a pearl necklace shape ( Fig.7.1a ). The most probable reason for such a shape could be the intermolecular hydrogen bonding between the -OH groups of the -CD molecules adsorbed on the surface of the nanoparticles. The adsorption phenomenon has also been evidenced in the FTIR spectral and XPS studies (discussed later). It appears that, -CD being the linker molecule, drives the self-assembly of the CdSe nanoparticles leading to necklace shaped superstructure. However, it is to be noted that such pattern was observed only in case of -CD to precursor molar ratio of 2:1. At a molar ratio of 1:1 of -CD to precursor, the density of as grown nanoparticles increases in conjunction with the formation of a complex network ( Fig.7.1c) . In other words, at precursor concentrations greater than or equal to that of -CD, the corresponding increase in the density of CdSe nanoparticles hinders the rearrangement process. Thus, multiple interactions among the -CD coated QDs lead to a complex network. Nevertheless, no agglomeration of nanoparticles was observed here, unlike in the case of bare nanoparticles.
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The structure, phase and size of as grown nanoparticles were determined from the XRD pattern. The XRD spectrum of as synthesized nanoparticles with molar ratio, 2:1
[Precursor]) has been provided as a representative diffraction pattern in Fig.7 .2.
Along with the -CD coated QDs, the XRD pattern of bare CdSe nanoparticles is also illustrated for comparative studies. The diffraction pattern of the nanoparticles has been found to be in good agreement with the standard JCPDS card no. 19-0191, corresponding to the cubic structure of CdSe. The diffraction peaks of -CD/CdSe QDs appeared at 2θ
(degree) values of 25.97, 42.43, 49.49 and are related to the lattice planes (111), (220), (311), respectively. All the diffraction peaks comprised of considerable broadening, which might have arisen due to the diffraction uncertainties related to the polycrystalline nature, small particle size and strain. The nanoparticles size (or diameter, D) has also been determined by using Scherrer formula:
where,  is the wavelength of X-ray used (1.54 Å),  is the FWHM (in radians) and  is the diffraction angle. The particle size of CdSe QDs in the presence of -CD was obtained to be ~ 1.6 nm, while the same was found to be ~ 2 nm for bare QDs. The possibility of the strain developed on the as grown QDs was determined by calculating the lattice constant (a) in the equation relating the interplanar distance (d) with the miller indices of cubic crystal i.e. d = a / (ℎ + + ) . The lattice constant (a) for -CD/CdSe QDs and bare ones were obtained as 5.92 Å and 6.02 Å, respectively, while the standard value of 'a' for cubic CdSe is 6.07 Å. Therefore, it is evident that significant
Chapter 7 251 amount of strain is present in -CD/CdSe QDs, while it is very less in case of bare ones.
These observations were further substantiated by the Raman spectral studies discussed below.
Fig.7.2. XRD patterns of bare CdSe nanoparticles (a), -CD/CdSe QD with molar ratio of 2:1 (b), synthesized via electron beam irradiation (Dose = 25 kGy @ 140 GPP).
Raman spectra of as grown -CD/CdSe QDs comprise of fundamental longitudinal optical (LO) phonon peak along with its overtone (2LO) The red shift of LO peak with respect to the bulk CdSe in case of -CD/CdSe QDs (205 cm -1 ) is more compared to that of bare QDs (207 cm -1 ). Since, the shifts in the fundamental LO peaks in nanomaterials is primarily dominated by the quantum confinement effects, but it is often accompanied by the dimensional effects such as surface reconstruction and lattice contraction. 
Fig.7.4. SEM image (a) and the corresponding EDS (b) of -CD/CdSe nanoparticles with molar ratio of 2:1, synthesized via electron beam irradiation (Dose = 25 kGy @ 140 GPP). Images (c) & (d) show the presence of Cd and Se, respectively during the chemical composition mapping of the region in image (a).
To ensure the reproducibility of as obtained morphology, same experiment was repeated 3 times and each time similar features were noticed. Earlier, we have also reported the citric acid mediated synthesis of CdSe nanoparticles via similar technique and under similar experimental conditions; however, sea urchin like morphology was observed therein. 164 This indicates a significant influence of -CD molecules in the formation of above mentioned morphological features shown in the SEM image ( Fig.7.4a ). Although the exact reason for the obtained sheet like morphology is not known precisely, however, it could be due to the hydrogen bond network present among the molecules of -CD. Further, the concentration of -CD was kept at as low as 2 mM in the present study, which should exclude any possibility of the aggregate formation.
Moreover, it is well recognized fact that -CD among its CD family behaves most mysteriously in the sense that the molecules of -CD in aqueous solution undergo restructuring to form different morphologies, which basically depends on its concentration. For instance, Bonini et al. 106 have reported the formation of large sheet like domains of -CD, when its concentration is increased up to 6 mM. Furthermore, rupturing of such sheets was also reported due to the shear stress developed during the blotting step in the sample preparation process. And, this effect was ascribed owing to the fragile nature of the cohesive forces present in the aggregates/clusters of CDs. Keeping these facts into account, it is suspected that the evaporation (of solvent, water) process during the sample preparation might have lead to some amount of aggregation on the Silicon wafer (as a sample substrate). Eventually, that could have resulted into the Chapter 7 255 formation of sheet like structure embedding CdSe nanoparticles in it and, further rupturing of these sheets due to the reason already mentioned.
Evidence for the functionalization of -CD with CdSe QDs
Our group has earlier reported the formation of bare CdSe nanoparticles via electron beam irradiation technique in aqueous solution. 165 However, the nanoparticles were found to be highly unstable and undergo decomposition within 2-3 hours. Further, the bare nanoparticles were feebly fluorescent. Therefore, first and the foremost evidence for the functionalization of CdSe QDs with-CD is the enhancement of their stability from few hours to approximately 1 month at ambient conditions. In addition, the -CD coated QDs showed strong emission (discussed later), which can be regarded as an indirect indication of passivation of the surface of QDs with -CD.
Apart from these, FTIR spectra could provide the direct evidence of the in situ and 2333 cm -1 accompanied by a broad peak at ~ 2080 cm -1 can be noticed in the IR spectra of bare CdSe and -CD/CdSe QDs. These peaks have been ascribed to the presence of CO 2 present in the sample chamber, which might have adsorbed on the sample surface. A peak was observed at ~ 950 cm -1 in the IR spectra of bare CdSe QDs, which have been assigned to the Se-O bond.
Fig.7.5. FTIR spectra of -CD (a), -CD/CdSe with molar ratio of 2:1 (b). Absorbed Dose = 25 kGy @ 140 GPP.
As mentioned earlier also that the uncapped CdSe QDs were found to be highly unstable and decomposed quickly. 165, 167 This was attributed to the presence of unsatisfied Se valencies which react with oxygen to form SeO 2 and other related species. However, peak corresponding to Se-O bond is not visible in the IR spectra of -CD/CdSe QDs, 
. Molar ratio effect
The optical absorption measurements of the sample solutions were carried out before and after the electron beam irradiation. The unirradiated solutions containing the precursors (equimolar) and -CD exhibited no absorption in the range from 350 to 700 nm (Fig.7.7) .
On the contrary, the irradiated solutions showed absorption with clear excitonic peaks in the range of 400-500 nm. The absorption spectra of the corresponding sols with different molar ratios of -CD and precursor (represented as -CD: QD) at a fixed dose of 25 kGy @ 140 GPP have been shown in Fig.7 .7. The excitonic peak of -CD/CdSe QDs with molar ratio of 2:1 appeared at ~ 420 nm, which is significantly blue-shifted from the bulk CdSe having peak at ~ 716 nm. This illustrates the quantum confinement effect governing the optical properties of -CD/CdSe
QDs. However, a red shift in the excitonic peak position was observed on varying the -CD: QD from 1:1 (~ 432 nm) to 1:2 (~ 443 nm). At higher molar ratios i.e. 4:1, 8:1 and 12:1, no noticeable shift in the excitonic peak positions was observed relative to that in case of molar ratio 2:1 (inset of Fig.7.7) . Thus, optimum molar ratio of -CD and the precursors is 2:1 for effectively coating and restricting the size of as grown CdSe QDs.
This was further supported by the PL measurements of -CD/CdSe QDs with different molar ratios of -CD and precursors. GPP. The QDs with molar ratio 2:1 (-CD: QD) displayed the highest PL intensity followed by the ratios 1:1 and 1:2, respectively. Therefore, the trend of the PL intensities clearly indicates the inappropriate capping of the CdSe QDs by -CD molecules at lower concentrations. As a result of which, number of trap/defect states on the surface of the CdSe QDs increases, thus leading to the occurrence of the non-radiative carrier relaxation processes. Further, the QDs synthesized with molar ratios of 1:1 and 1:2 were less stable. This is probably due to the reaction of oxygen with the surface exposed unsatisfied valencies (mostly Se) leading to the formation of their oxides (i.e. SeO 2 ), and thereby paving the way for the decomposition of CdSe QDs.
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Fig.7.8. Trend showing PL intensity of -CD/CdSe QDs with various molar ratios (-CD: QD) at 525 nm.  ex = 420 nm. Absorbed dose = 25 kGy @ 140 GPP.
The estimated size of the primary CdSe QDs functionalized with -CD at various molar ratios were calculated from the absorption spectra by using the modified Brus equation (7.2):
where,  = 3.7 eV nm 2 , E g (0) = 1.75 eV, d = particle size (nm) and E g = band gap value in eV. The band gap (E g ) values were determined from the Tauc plot of ('h) 2 vs. h, as this is a direct band gap semiconductor. The symbol ''' represents the absorption coefficient multiplied with the concentration of the CdSe QDs and is equivalent to the relation (2.303A/l), where 'A' is the absorbance and 'l' is the optical path length of the cell (10 mm). The term 'h' represents the photon energy. The estimated sizes of the QDs synthesized under various experimental conditions are listed in Table 7 .1. The size of QDs synthesized with molar ratio of 2:1 is in good concurrence with that determined from the XRD and the TEM analysis.
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Absorbed dose effect
To investigate the effect of dose on the morphology of as grown QDs, the reaction mixtures (with molar ratio -CD: QD, 2:1) were irradiated with different absorbed doses (@ 140 GPP) and the absorption spectra of the corresponding sols have been shown in Fig.7 .9. The optimization of dose imparted is an essential step in the radiation induced synthesis of nanomaterials. CDs are made of saccharides, which are vulnerable to decomposition at higher radiation doses. However, it has been reported earlier 119-121 that the presence of water acts as a protector and insignificant radiation decomposition of -CD has been observed at a dose more than 25 kGy. 122, 123 Thus, our approach was to study the effect of absorbed dose on the nanomorphology of -CD/CdSe QDs.
Fig.7.9. UV-Vis absorption spectra of -CD/CdSe QDs with molar ratio (-CD: QD, 2:1) at various doses (@ 140 GPP); 10 kGy (a), 15 kGy (b), 25 kGy (c). Inset: Tauc plot of ('h) 2 vs. h for the determination of band gap values (E g ).
The optimization of dose was carried out on the basis of stability, absorption and emission characteristics of the QDs at various doses. As can be seen from Fig.7 .9, the excitonic peak undergoes blue shift with the increase in dose. This indicates that the size of -CD/CdSe QDs decreases with the increase in dose. The observed trend can be explained on the basis that at higher absorbed doses, the number of nucleation centers formed are more and lead to the retardation of growth process. Subsequently, coalescence of these very small nanoparticles is prevented by the efficient capping of the -CD molecules. Similar results regarding the effect of dose on the size of the nanoparticles have been observed by various researchers. 251, 252 The estimated size of the primary -CD/CdSe QDs at various radiation doses were determined from the absorption spectra and are listed in Table 7 .1.
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The PL intensity of -CD/CdSe QDs were measured at various absorbed doses keeping the molar ratio (-CD: QD) and dose rate fixed at 2:1 and 140 GPP, respectively (Fig.7.10) . Interestingly, the PL intensity was found to be highest at an absorbed dose of 25 kGy, after which it decreases drastically. At lower doses, (especially at ≤ 10 kGy) the PL intensity was found to be very less. Consequently, the dose of 25 kGy was found to be optimized in terms of maximum PL intensity exhibited by the QDs as well as keeping in view of the radiolytic degradation of -CD.
Fig.7.10. Trend showing PL intensity of -CD/CdSe QDs vs. absorbed dose with molar ratio (-CD: QD) of 2:1 at 525 nm and  ex of 420 nm. Dose rate = 140 GPP.
Typical room temperature absorption and emission spectra of -CD/CdSe QDs grown under these optimum experimental conditions are shown in Fig.7 .11A, at different excitation wavelengths. It is observed that the PL spectra is quite broad and extends from 450-700 nm region. Such broadening in the PL spectra of QDs is generally rationalized by: (i) polydispersity in the size distribution of the nanoparticles 254 or (ii) polydispersity in the density and the nature of distribution of trap/defect states leading to various
Chapter 7
265 recombination paths for the photogenerated carriers in the nanoparticles. 253b, 255 Since, the as grown CdSe QDs exhibit excitation wavelength independent (in terms of peak shifts) emission spectra; it can be regarded as an indication of a narrow size distribution.
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Further, the particle size distribution as determined from the TEM measurements was found to be only about 14 %. Therefore, the main reason for the broadening in the emission spectrum (of -CD/CdSe QDs) can be ascribed to the polydispersity in the density and the nature of distribution of trap/defect states.
Fig.7.11. Room temperature PL spectra (A) and the PL Lifetime decay curve ( ex = 374 nm) (B) of -CD/CdSe QDs with molar ratio (-CD: QD) of 2:1 at an absorbed dose of 25 kGy @ 140 GPP.
The PL spectrum appeared to be a convolution of two regions, a shoulder at ~ 525 nm and a noticeable peak at ~ 600 nm. The PL band with a shoulder at ~ 525 nm has been assigned to the band gap emission (BGE) due to its close proximity with the excitonic peak position. The PL band with the peak at ~ 600 nm has been designated to the trap state emission (TSE) due to its large stokes shift relative to the excitonic absorption peak.
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The time resolved PL decay studies (shown in Fig.7 .11B) further substantiate the above denotation of the peaks at two emission wavelengths i.e. 525 nm (BGE) and 600 nm (TSE). In general, the shorter life-time is accredited to the band gap (intrinsic) recombination, while the longer lifetime is attributed to the involvement of surface states in the carrier recombination process. 378 In concurrence to this, the average lifetime (<>)
obtained by analyzing and fitting the decay traces at BGE and TSE are 3.8 and 5.5 ns, respectively. The corresponding  2 values for the former and the later decay traces are 1.2 and 1.3, respectively. The PL decay curves of as synthesized CdSe QDs exhibited multiexponential (tri-exponential) behavior, which were analyzed and fitted using equation (7.3):
where, I (t) is the time-dependent emission intensity, 'a' is the amplitude, and τ is the lifetime. The average PL lifetime (<>) values were deduced using equation (7.4):
Such multi-exponential behavior of the CdSe nanoparticles is widely known and has been reported by various researchers earlier.
256a-c Although, most of these reports generally attribute such behavior to the diverse recombination paths owing to the varying degree of size, shape, surface defects/energy traps between the individual nanocrystals. Still, the origin and the explanation for this multi-exponential emission dynamics are not very clear and is currently a subject of debate.
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267 Furthermore, the excitonic dynamics and the nature of distribution of surface/trap states of as grown CdSe QDs at various absorbed doses can be realized from their timeresolved PL decay traces as shown in Fig.7 .12. In the following set of experiment, the molar ratio (-CD: QD) and the dose rate were kept fixed at 2:1 and 140 GPP, respectively. Table 7 .2 shows the time constant values with their relative amplitudes (in %) and the average life time values at various absorbed doses. The highest excitonic recombination lifetime was observed for QDs synthesized at an absorbed dose of 25 kGy, which was further declined with the decrease in the imparted dose. It was revealed in our experiments that the PL intensity increased with increase in dose up to 25 kGy, while the size of the as grown QDs was found to vary conversely with the dose. Essentially, these trends reflect a sort of correlation with the trend noticed in the lifetime values with the dose. It is known that the photo-excitation of CdSe QDs lead to the promotion of an electron to the conduction band which relaxes quickly to the bottom of the conduction band giving rise to BGE and contributes to the fastest lifetime decays. (Table 7. 2), it is noticed that the contribution of the slowest component i.e.   in all the cases increases with the dose imparted.
Interestingly, this trend is in synchronization with that of the PL intensity, which increased with the increase in the amount of dose imparted up to 25 kGy (explained earlier). Therefore, it can be stated that the increase in the PL lifetime of as grown -CD/CdSe QDs is associated with an increase in the PL intensity. This enhancement in the PL intensity is primarily originated from an increase in the contribution from the radiative carrier recombination at the surface states. In fact, the as observed surface states related influence on the lifetime of the excitonic recombination has been reported by various researchers also, 261, 262, 381 wherein the increase of the PL quantum efficiency of the QDs under photoactivation was found to be associated with an increase in the average PL lifetime values. The reason behind the faster recombination dynamics observed in QDs synthesized at lower radiation doses (i.e. 10 kGy) have been ascribed to their bigger size.
Apparently, the increase in the interior trap states such as crystal defects can be realized from the diminution of the lifetime values. This statement gets further support from the earlier studies, 236a, 382, 383 wherein the faster dynamics in the larger size nanoparticles was attributed to the non-radiative relaxation of the charge carriers to underlying trap states.
Furthermore, Rao et al. 384 had also reported the faster PL decay in the bigger size nanoparticles and explained it on the basis of the volume recombination of the carriers, as the surface to volume ratio decreases with the size of the nanoparticles.
Dose rate effect
The effect of dose rate on the morphology of -CD/CdSe QDs was investigated by varying the dose per pulse as well as the irradiation time. The reaction mixture with a molar ratio (-CD: QD) of 2:1 was irradiated with a fixed absorbed dose of 25 kGy at different dose rates ranging from 50 to 140 GPP. The absorption spectra of the corresponding colloidal sols have been shown in Fig.7 .13.
Fig.7.13. UV-Vis absorption spectra of -CD/CdSe QDs with molar ratio (-CD: QD,
2:1) at various dose rates (GPP); 50 (a), 80 (b), 140 (c) . Absorbed dose = 25 kGy. Inset:
Tauc plot of ('h) 2 vs. h for the determination of band gap values (E g ).
The excitonic absorption peak underwent red shift with the decrease in the dose rate.
It signifies that the size of as grown nanoparticles increased with the decrease in the dose rate. Furthermore, the excitonic peak appeared to be well defined and sharp or in other way, the difference between the onset and the shoulder peak positions decreases at higher dose rates. This reflects the narrow size distribution of the nanoparticles with increase in the dose rates. Similar observations have been reported by Remita et al. 385 and other researchers, 166, [385] [386] [387] wherein the particles were found to become smaller and less dispersed in size as the dose rate was increased. The reason behind this trend lies in the fact that electron beam dumps large amount of energy in a very small time leading to the creation of large number of nucleation centers at the same instant, followed by the growth process. The band gap (E g ) values and the nanoparticle sizes at different dose rates were determined and have been provided in Table 7 .1. & 14B. It could be clearly seen from these trends that the BGE is favored at low dose rates, while there is substantial increase in the intensity of TSE at higher dose rates as well as at higher absorbed dose. However, at 80 GPP the intensities of both the BGE and TSE reach at an equivalence point for both the absorbed doses (15 kGy and 25 kGy). At higher dose rates (140 GPP) and high dose (25 kGy), the PL spectra becomes very broad covering the region from 450-700 nm which is predominantly due to the polydispersity in the density and nature of the surface states. 
kGy (B). Molar ratio (-CD: QD) = 2:1. Inset shows the ratio of the intensities of BGE and TSE.
Nevertheless, it can be envisaged from these observations that the PL properties of as grown -CD/CdSe QDs could be tuned in terms of the intensities of BGE and TSE.
Moreover, the position of the PL peaks can also be controlled by controlling experimental parameters. Fig.7 .15 shows the room temperature PL spectrum of as grown QDs with the molar ratio (-CD: QD) of 2:1 at an absorbed dose of 1 kGy @ 10 GPP. The excitonic peak appears at ~ 520 nm, while PL peak position can be noticed at ~ 550 nm. Due to the close proximity of the emission and the excitonic peak position, the observed PL can be ascribed to the intrinsic recombination (BGE) of charge carriers. However, the TSE, which in this case generally appears at  ≥ 600 nm, is very less. Conversely, a convolution of BGE and TSE was observed in case of QDs synthesized with an absorbed dose of 25 kGy @ 140 GPP, with the dominant contribution from the later one ( Fig.7.11) . Finally, the tunability in the optical properties of these QDs could be visualized from the different CIE chromaticity x, y co-ordinates displayed by these particles at various experimental parameters, listed in Table 7 .3. the reaction mechanism and the formation of these nanoparticles. In the present work, the pulse radiolysis studies were carried out with the aqueous solutions containing equimolar
(1 mM) concentration of both the precursors along with 2 mM -CD and 1 M tert-butanol in order to investigate the dynamics of formation of the CdSe nanoparticles. The solutions were de-aerated by purging with N 2 , just prior to experiments. It is expected that under these experimental conditions, the precursors will react with the hydrated electrons, e aq -as tert-butanol will scavenge H  and • OH radicals, which are produced upon the radiolysis of water. The transient absorption spectra recorded at different time scales is shown in 
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277 reported in our previous study. 178 It appears that -CD molecules do not play any role in the formation of these nanoparticles; however they provide stability by adsorbing on the surface of these particles during their growth processes.
Cytotoxicity study
It has been reported that cadmium-based QDs are toxic to cells due to the release of Cd Lastly, it is worthwhile to mention about the good correlation between the XPS and the cytotoxicity studies in the sense that the former indicated towards the bonding of the -OH groups (of -CD) predominantly with Cd, thereby hindering the release of Cd 2+ ions and hence resulted in reduced cytotoxicity of CdSe QDs. 
Conclusions
